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Abstract. When using equipment and components in hazardous locations must be made checks
to see if the ignition hazards may occur, considering the ignition processes. If there is the possibility
of occurrence the fire hazards must be take measures for eliminate ignition sources to the hazardous
location. If this is not possible, additional protective measures should be implemented to ensure an
adequate protection level.

The measures shall be made the ignition sources harmless or shall be reduce the likelihood of
occurrence of effective ignition sources. This may be achieved through an adequate design and
construction of equipment and components, by operating procedures and also by adequate
measuring and control systems.

Protective measure depends on the probability of occurrence an explosive atmosphere and the
consequences of possible explosions. In this sense the classification and conformity assessment of
non-electrical equipment is achieved through a difference between different categories of
equipment, as specified in Directive 2014/34/UE — ATEx.

The conformity assessment methods of non-electrical equipment intended for underground use
presented in the paper, have as main purpose to increase the level of safety and protection of
workers in the mining industry. The applied measures must make the ignition sources harmless or
shall reduce the occurrence probability of the ignition sources.
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Anortauisi. [Ipu BukopuctanHi o6jagHaHHSA Ta KOMIIOHEHTIB y HEOE3MEYHUX MICISIX MOBHUHHI
OyTH TIpOBEJEHI MEPeBIpKM, YW HE MOXXE BUHUKHYTH HeOe3leka 3aiiMaHHSA, 3 ypaxXyBaHHSIM
MporieciB 3aiiMaHHs. SIKIO iICHY€ WMOBIpHICTh BUHHUKHEHHS TOXKEXK1, HEOOXITHO BXXHTH 3aXO/liB
IOJI0 YCYHEHHSI JDKEpeNl 3aiiMaHHS B HEOE3NMEYHOMY MiCIl. SIKIIO 116 HEMOXKJIHMBO, CIil BXKHUTH
JOJTATKOBUX 3aXMCHHUX 3aXOIB JUTs 3a0€3MeUEHHS HAJICKHOTO PIBHS 3aXHUCTY.

3axoa MOBUHHI 3pOOMTH JUKepesia 3amalieHHs HEUIKiIJIMBUMH a00 3MEHIIMTH HMOBIPHICTBH
BUHUKHEHHS €(DEKTHBHUX JDKepen 3aiiMaHHs. [[poro MoXHa JOCATTH 3a JOMOMOTOI0 aJIeKBaTHOTO
MIPOEKTYBaHHS Ta o0y 10BH 00J1alHAHHS Ta KOMIIOHEHTIB, eKCIUTyaTallifHUX MPOIEeTyp, a TAKOX 32
JOTIOMOT OO aJIeKBaTHUX CHCTEM BHMIipPIOBAaHHS Ta KOHTPOJIIO.
3axUCHUN 3axiJ 3aJeKUTh BiJ HMOBIPHOCTI BHMHHMKHEHHS BUOyXoHeOe3nmeyHoi arMocdepu Ta
HACTIJKIB MOXJMBHX BHOYXiB. Y TIbOMYy CEHCl Kiacu@ikailis Ta OIlilHKa BIiJMOBITHOCTI
HEENIEKTPUYHOTO OOJIAIHAHHS JIOCATAEThCSA IIUIIXOM  PI3HUII MDK PI3HUMH  KaTeropisiMu
obnagHaHHs, sk 3a3HaueHo B Jupektusi 2014/34 / UE - ATEXx.

[IpencraBneni B poOOTI METOAW OIIHKK BiJMOBIAHOCTI HEENEKTPUYHOTO OOJIaHAHHS,
MPU3HAYCHOTO JJIA MiJ36MHOTO BUKOPHCTAHHS, MAIOTh HAa METI MJABUIIMTH PIBEHb OE3MEKH Ta
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3axXMCTy MpaliBHUKIB IipHUYOJ00YBHOI ramy3i. 3aCTOCOBYBaHI 3aX0/1 IMOBHUHHI 3pOOUTH JKepena
3aiiMaHHS HEUIK1UIMBUMH 200 3MEHIIUTH MMOBIPHICTh MOSBH JUKEpEN 3aiiMaHHs.

Kirouosi cioBa: BuOyxoHeOesmeuHa aTtmocdepa, rapsdi IMOBEpXHI, TEIUIOBI 300pa)KeHHS,
BUOYXO03axHCT

1. Introduction

When using equipment and components in dangerous locations, checks should be made to see if
ignition hazards may occur, taking into account the ignition processes. If there is a possibility of
ignition hazards, measures must be taken to remove the ignition sources from the hazardous
location. If this is not possible, additional protection measures must be implemented to ensure an
adequate level of security.

The measures implemented must make the ignition sources harmless or limit the probability of
the ignition sources to occurring. This can be achieved through adequate equipment and component
design and construction, operating procedures and adequate measurement and control systems as
well.

The magnitude of protection measures depends on the probability of an explosive atmosphere
occurring and the effects of possible explosions. In this sense, the classification of non-electrical
equipment is made by differentiating between various categories of equipment, as specified in
Directive 2014/34 / EU. These categories reflect the requirements for different hazardous areas and
hazard conditions.

Non-electrical equipment for mines susceptible to firedamp and/or flammable dust is classified
in group I. Which includes two categories, depending on the level of security provided:

* Category M1

* Category M2
1.1 Non - electrical equipment Group I
a) Category M1

Equipment designed and, where necessary, equipped with additional special means of protection
to be capable of functioning in conformity with the operational parameters established by the
manufacturer and ensuring a very high level of protection.

The equipment in this category is intended to be used in the underground parts of the mines as
well as in those parts of the surface installations of these mines endangered by firedamp and / or
combustible dust.

The equipment in this category is intended for use in both underground parts of mines and those
parts of surface installations of such mines that are endangered by firedamp and/or combustible
dust.

The equipment shall continue to remain functional even in the event of rare incidents relating to
the equipment with an explosive atmosphere present, and feature such protective measures that:

- in the event of failure of one means of protection, at least an independent second means
provides the requisite level of protection,

- or the requisite level of protection is assured in the event of two faults occurring independently
of each other.

b) Category M2

The equipment in this category is intended for use in both underground parts of mines and those
parts of surface installations of such mines that are endangered by fi revamp and/or combustible
dust. If an explosive atmosphere occurs, it must be possible to switch off the equipment.

The constructional explosion-protection measures ensure the required degree of safety during
normal operation, even under severe operating conditions and, in particular, in cases of rough
handling and changing environmental influences.

Two equipment protection levels (EPL) are defined for firedamp-endangered mining works:
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- EPL Ma: Equipment with a very high protection level that affords the necessary degree of
safety. The equipment represents no risk of ignition in normal operation or in the event of
predictable or rare faults/malfunctions — even if it is still in operation during a gas leak;

- EPL Mb: Equipment with a high protection level that affords the necessary degree of safety.
The equipment represents no risk of ignition in normal operation in the period between the
occurrence of the gas leak and switching off the equipment.

1.2 Design and construction of non-electrical equipment regarding the avoidance of
generation of ignition sources

When using equipment and components in hazardous conditions, checks should be made to see if
ignition hazards may occur, taking into account the ignition processes. If there is a possibility of
ignition hazards, actions must be taken to eliminate the sources of ignition in these situations. If this
is not possible, protective measures must be implemented.

Protective measures must make the ignition sources inoffensive or reduce the likelihood of actual
ignition sources occurring. This can be achieved through proper design and construction of
equipment and components, operating procedures and also appropriate measuring and control
systems.

1.3 Requirements regarding the prevention of the generation of ignition sources such as hot
surfaces for mechanical equipment from Group I - Mining and adjacent areas

If an explosive atmosphere comes in contact with a heated surface, ignition can occur. Not only
can a hot surface itself act as an ignition source, but a layer of combustible dust that comes in
contact with a hot surface and ignited by itself can also act as an ignition source for an explosive
atmosphere.

The ability of a heated surface to cause ignition depends upon the type and concentration of the
specific substance in air mixture. This ability increases with the temperature rise and surface area
increase. In addition, the temperature that triggers the ignition depends on the size and shape of the
heated body, on the gradient of the concentration in the surface's surrounding area and, in a certain
amount, on the surface's material. When an explosive atmosphere is leaking along hot surfaces, due
to the short time of being in contact, a much higher surface temperature could be required.

If the explosive atmosphere remains in contact with the hot surface for a relatively long time,
preliminary reactions may occur, for example cold flames, so that several highly flammable
decomposition products are formed, which ignite the initial atmospheres.

In addition to easily recognizable hot surfaces such as radiators, drying cabins, heating coils and
others, mechanical and machining processes, moving parts of the equipment can also generate
dangerous temperatures. These processes also include equipment and components that convert
mechanical energy into heat, i.e. all types of clutches and couplings, brakes and braking systems,
bearings, power transmission systems, etc. In addition, all moving parts in bearings, shaft passages,
bushings, etc., can become sources of ignition if not properly lubricated. In the sealed housings of
moving parts, the entry of foreign bodies or the movement of the shaft can also lead to friction
which, in turn, can lead to high surface temperatures, in some cases quite quickly.

Temperature increases due to chemical reactions (egg with lubricants and/or cleaning solvents)
must also be considered.

If the risks caused by hot surfaces have been identified, depending on the type of explosive
atmosphere (firedamp and/or combustible dust) and the group / category and mode of operation
(normal, expected malfunction or rare malfunction) reach the specific requirements for equipment
and components.

1.4 Requirements regarding the prevention of the generation of mechanical spark ignition
sources for mechanical equipment from Group I - mining and adjacent areas

The friction sparks produced by the cutting tools of the cutting machines during the hard rock
cutting operation containing quartz or ferrite pyrite inclusions cannot always be avoided, but the
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risk of ignition of the gas / dust atmosphere can be considerably reduced by the use of machine-
mounted water spray systems or using cutting tools specially designed for this purpose. If the
ignition hazard has been identified, a water spray system must be installed around the cutting head
so that any friction / impact sparks are extinguished, the amount of dust in the suspension is reduced
and fresh air is directed to the instrument. cutting to dilute the gas resulting from the operation
process. These water spray systems must be monitored and controlled with the machine control
system to ensure that cutting cannot be performed without the water spray system operating as
designed.

If the risk caused by the mechanically generated sparks have been identified, depending on the
type of explosive atmosphere (underground mines and adjacent installations) and the category, the
equipment must meet the following requirements:

- for category M1: Equipment, protective systems and components which, even in the case of
rare equipment failures, may generate mechanical, friction, impact or abrasion sparks are not
permitted.

- for category M2, equipment, protective systems and components which generate friction,
impact or abrasion sparks during normal operation and under severe operating conditions, in
particular in rough handling, under the influence of changes in the environment, must be fitted with
adequate means of protection for prevent the ignition source from becoming effective. The use of
light metals for the uncoated surfaces of equipment, protective systems and components (cases) is
permitted only if:

- the total content of aluminum, magnesium, titanium and zirconium does not exceed 15%;

- the total content of magnesium, titanium and zirconium does not exceed 6%.

2. Methods and techniques for risk assessment (explosion risk assessment)
To meet the requirements of Directive 2014/34/EU it is necessary to conduct a risk assessment
process. According to Annex II, 1.0.1 manufacturers are under an obligation to design equipment
and protective systems from the point of view of integrated explosion safety. Integrated explosion
safety is conceived to prevent the formation of explosive atmospheres as well as sources of ignition
and, should an explosion nevertheless occur, to halt it immediately and / or to limit its effects. In
this connection, the manufacturer must take measures with respect to the risks of explosion.
However, in most cases he will not be in the position to understand the possible extent of the
adverse consequences of an explosion (as part of the overall explosion risk) since this is solely
dependent on the particular circumstances at the users’ premises. So, the manufacturer's risk
assessment will in general be restricted to and be focused on the assessment of the ignition hazard
(part of the explosion risk) or the explosion control function for a protective system and safety
devices. In principle the risk assessment comprises of four steps: ignition hazard identification,
ignition risk estimation, ignition risk evaluation and risk reduction option analysis.

The principles and guidelines for risk management defined in the ISO SR 31000:2010 can be
applied to ignition risk assessment for design of equipment or component according to methodology
for the risk assessment from SR EN 15198: 2008 (figure 1).

2.1 Ignition risk assessment method

The ignition source related to the equipment is any possible source of ignition that is produced by
the equipment in question, regardless of its ability to ignite. These are sometimes called "relevant
ignition sources", however this term can lead to misinterpretation whether the ignition source is
relevant in the sense of being present or in the sense of its ability to ignite or in the sense of its
existence in equipment or not.

All ignition sources related to the equipment are considered in the ignition risk assessment to
determine whether they are potential ignition sources or not. The potential ignition source is the
ignition source related to the equipment that has the ability to ignite an explosive atmosphere (thus
becoming efficient). The probability of becoming efficient determines the category of the
equipment (they can appear in normal operation, in expected malfunction, in rare malfunction).
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Figure 1. Ignition risk assessment for design of equipment or component.

The efficient source of ignition is the potential source of ignition that is capable of igniting the
explosive atmosphere if taken into consideration when it occurs (i.e. in normal operation, in
expected malfunction or in rare malfunction) which determines the intended category of equipment.
For example, frictional heating that can be caused by a bearing is a possible source of ignition. This
is an ignition source related to the equipment if the equipment includes a bearing. If the energy that
can be produced by friction in the bearing is able to ignite an explosive atmosphere, then this is a
potential source of ignition. Whether this potential ignition source is effective or not depends on the
probability of its occurrence in a given situation (e.g. after loss of lubrication). Figure 2 shows the
relationship between the ignition sources defined above.

The equipment must be subjected to a documented ignition risk assessment to identify all
potential sources of ignition that may occur during normal operation, in the event of an expected
malfunction and in the event of a rare malfunction. Then, depending on the equipment's intended
EPL, an attenuation of each of these potential ignition sources may be applied to minimize the
likelihood that they will become actual ignition sources. Depending on the expected EPL (Ma or
Mb), all potential ignition sources must be considered. Ignition sources caused by improper use,
which can be reasonably anticipated, must also be considered.

The sources of ignition whose risk of becoming real remains present must also be listed,
although the equipment has been designed to cut off its power supply in the event of an explosive
atmosphere. The assessment must indicate the means used to minimize the likelihood of ignition.
These means may be in accordance with this standard or with the standards relating to the specific
types of protection.

The Directives sets out the mandatory essential health and safety requirements (EHSRs) that
products placed on the EU market must fulfil, and the procedures for assessing their conformity.
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Detailed technical solutions for complying with these EHSRs are given in European harmonized
standards. Application of harmonized standards remains voluntary, but confers a presumption of
conformity with the EHSRs they cover.

Fig. 2 - The relationship between the types of ignition sources existing
in the evaluation process

3. Results

The technical requirements applicable to mechanical equipment are given in the standards: EN ISO
80079-36 and EN ISO 80079-37, and those for equipment in the mining industry in SR EN ISO
80079-38. In order to assess the conformity of mechanical equipment with the technical
requirements of those standards, a series of specific tests are required to equipment intended for use
in potentially explosive atmospheres. Frequently the standards do not fully cover the test methods
applicable to the assessment of the risk of ignition from various sources of ignition. From the
statistics registered both in the mining activity and in the other surface industries, there is a
significant share of ignition sources such as mechanical sparks and hot surfaces generated by
phenomena such as impact or friction between the component parts of the equipment.

Considering the danger of explosion present in firedamp mines as well as in other industries, for
equipment made of unprotected light alloys, a series of specific regulations (norms and standards)
have been developed that specify a series of requirements to limit the occurrence of sources of
efficient ignitions that are not harmonized internationally, such as the case of ignition sources
generated by impact and friction. In our country the tests are provided in the national standard
STAS 10449-86. The test methodology for explosion protection materials (friction test and impact
test in explosive air / gas mixtures) intended for use in potentially explosive atmospheres consists of
modeling on special laboratory stands where the tests take place in different explosive air mixtures.
3.1 Friction test
The friction test for the acceptance of spark arrestor materials intended for use in potentially
explosive atmospheres is carried out in laboratory conditions and consists in simulating on special
stands the process of forming sparks generated by accidental or technological friction in explosive
gas mixtures. - figure 3.
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Figure 3 - Special stand for friction test

Legend:

1 - test plate;

2 - mobile support;

3 - test specimen;

4 - rotating disc;

5 - explosion chamber (the outer wall is open and covered with plastic foil, to allow the release
of the explosion pressure) to achieve the test environment (explosive mixture).

3.2 Impact test

The impact test is performed in laboratory conditions and consists in simulating on special stands
the process of forming sparks generated by accidental or technological impacts. The simulation is
performed on a special test stand, in which an impact is generated between a rusty plate inclined at
35° to the vertical and the test sample.

The impact energy is determined with the relation E = mxgxh, [J], which m is the falling mass in
[kg], the g-gravitational acceleration [m/s?] and h is the falling height [m]. The shape of the weight
is chosen depending on the destination of the material used in the construction of the equipment.
For the impact test, the parameters m and h shall be determined by mutual agreement between the
parties, or in accordance with the applicable regulations (figure 4).

In both cases, the friction or impact test, when testing the materials for the equipment intended
for use in mines with firedamp, in the test chambers an explosive mixture of air with 6.5% CH4 is
made with the help of a complex installation (figure 5). The accuracy of making explosive mixtures
is important in expressing the results.

The objective of the two methods focuses on potential sources of ignition such as mechanical.
From light metals, in certain presumptive situations, sparks may be obtained by impact or friction,
which may ignite explosive mixtures of gas-air or dust-air. Protected or unprotected light metal
surfaces must be checked for protection against the formation (production) of mechanical sparks
capable of ignition.
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Fig. 4. Assembly for testing non-sparking materials at single impact in explosive mixture

Legend:

1 — weight/mass required to obtain the impact energy;

2 - test sample/specimen;

3 - rusty steel plate or another test sample/specimen;

4 - test chamber;

5 - device for longitudinal / transverse movement and adjustment of the impact angle of the

rusted steel plate;
h — drop height

R3

R1

Friction test Impact test
chamber chamber
R2

R4
R5

-

Installation for
explosive
mixtures

Fig.5 — Schematic diagram of the installation for the production of the explosive mixture
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The two methods provide the physical tools for analyzing the capacity to produce mechanical
sparks, in order to evaluate the ignition sources specific to mechanical equipment. This stage of
evaluation of ignition sources has a special importance in the process of assessing the conformity of
non-electrical equipment and implicitly in identifying occupational safety and health risks.

4. Conclusions

Assessment of the ignition risk, when using equipment and components intended for underground
use, is particularly important for ensuring workers' health and safety. According to the legislation in
force, the responsibility for risk assessment and adopting the required protective measures in order
to ensure an acceptable safety level is responsibility of the equipment manufacturers and users.

The conformity assessment methods of non-electrical equipment intended for underground use
presented in the paper, have as main purpose to increase the level of safety and protection of
workers in the mining industry. The applied measures must make the ignition sources harmless or
shall reduce the occurrence probability of the ignition sources.

The two methods provide the physical tools for analyzing the capacity to produce mechanical
sparks, in order to evaluate the ignition sources specific to mechanical equipment. This stage of
evaluation of ignition sources has a special importance in the process of evaluating the compliance
of non-electrical equipment with the requirements of the ATEx Directive and implicitly in
identifying occupational safety and health risks.
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